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1
FUEL CELL FUEL RECYCLE EJECTORS
DISPOSED IN FUEL MANIFOLD

TECHNICAL FIELD

High pressure fuel provided to the motive inlet of ejectors
draws fuel recycle gas through the suction inlet of the ejec-
tors, the ejectors being disposed within an external or internal
fuel manifold. The suction inlets may be disposed in the fuel
outlet portion of a fuel inlet/outlet manifold, and the exit of
the ejector may provide fuel directly into the fuel inlet mani-
fold portion.

BACKGROUND ART

Operation of a fuel cell stack assembly requires that the
fuel gas be evenly distributed equally to all of the fuel cells in
order to avoid fuel starvation. This has historically been
accomplished using fuel distribution manifold devices within
the fuel inlet manifolds having layers of evenly splitting the
fuel flow into two flows, such as four layers, ending with 16
fuel inlets.

In order to achieve maximum efficiency of a fuel cell power
plant, there is a need to recycle the anode exit gas back to the
inlet of the anodes in order to extract the still usable fuel in the
anode exhaust. Typically, this has historically been accom-
plished using an external hydrogen recycle blower and exter-
nal plumbing. Ejectors have been used in which fresh fuel at
the motive input provides the suction to draw recycle fuel into
the suction inlet of the ejector.

Compared to external fuel inlet manifolds, internally mani-
folded fuel cell stacks offer benefits including lower cost,
lower manufacturing time, minimized complexity, etc. Exter-
nal manifolds are used, especially at the anode, to accommo-
date large inlet fuel distribution devices, to achieve even
reactant distribution to all of the cells. Achieving even distri-
bution becomes difficult when dealing with internal mani-
folds. Utilizing a high pressure drop device provides the
necessary even distribution, but high pressure devices limit
the use of available anode exhaust recycle devices.

SUMMARY

A mixture of fresh fuel and fuel recycle gas is accom-
plished with ejectors mounted within or adjacent to a fuel
manifold ofa fuel cell power plant. In some embodiments, the
outlet of the ejectors is disposed within a fuel inlet manifold
and the suction inlet of the ejectors are disposed in the fuel
outlet manifold, requiring no plumbing for the fuel recycle
gas. Ejectors may be disposed in either internal or external
fuel inlet or fuel inlet/outlet manifolds. The embodiments
herein achieve adequate fuel distribution by means of high
pressure fuel being provided to the motive inlet of the ejec-
tors.

Other variations will become more apparent in the light of
the following detailed description of exemplary embodi-
ments, as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified, stylized perspective view of a fuel
cell stack employing a fuel inlet/outlet manifold having ejec-
tors disposed in the inlet/outlet separator so as to draw recycle
fuel gas directly into the suction port of the ejector and so as
to emit the mixture of fresh and recycle fuel directly into the
fuel inlet manifold.

FIG. 2 is a sectional view taken on the line 2-2 in FIG. 1.

10

15

20

25

30

35

40

45

50

55

60

65

2

FIG. 3 is a front elevation view of a flat plate ejector.

FIG. 4 is an exploded perspective of a fuel inlet/outlet
manifold coupled to a plurality of flat plate ejectors of the type
illustrated in FIG. 3.

MODE(S) OF IMPLEMENTATION

A first embodiment is illustrated in FIGS. 1 and 2. In FIG.
1, astack 11 of fuel cells 12 is provided with a fuel inlet/outlet
manifold 13, which includes a fuel inlet manifold 14 and a
fuel outlet manifold 15. A fuel divider 17 causes the inlet fuel
to pass through the upper portion of each of the fuel cells 12,
then be re-directed in a fuel turn manifold 16 to pass through
the lower portion of the fuel cells 12 to the fuel outlet mani-
fold 15.

The fuel outlet manifold 15 has an outlet port 21 which will
typically connect with a purge valve which is operated either
intermittently or at a very low flow in order to eliminate
unwanted gases, mainly nitrogen, from the recycle gas. In
FIG. 1, the top and bottom of the stack 11 would typically
have air inlet and air outlet manifolds, which have been omit-
ted herein for clarity.

Fresh fuel is provided through a fuel inlet port 19 and a fuel
inlet conduit 20 to three ejectors 22, 23, 24. Referring to FIG.
2, the ejector 22, as well as the other ejectors 23, 24, receives
high pressure fresh fuel from the conduit 20 into an inlet 27
which terminates in the ejector orifice 28. The fresh hydrogen
passing through the orifice 28 draws anode exhaust gas from
the fuel outlet manifold 15 through the suction inlet 29. The
mixture of fresh fuel and fuel recycle gas passes along a
mixing portion 33 of the ejector 22 into a diffuser portion 34
in which the pressure of the gas is reduced. The mixture of
fresh fuel and fuel recycle gas then impinges on the surfaces
35, 36 of the fuel inlet/outlet manifold as well as on a surface
37 of abaffle 38. The baffle assists in causing the fuel mixture
to be more evenly distributed among all of the fuel cells.

Because the fresh fuel enters the conduit 20 at relatively
high pressure (about 1400 kPa, 200 psi), the fuel is distributed
essentially evenly between the three ejectors 22-24, and pro-
vides substantially the same vacuum and therefore the same
volume of recycle gas that is ingested through the suction
inlet 29 from the fuel outlet manifold 15. Having the suction
inlet 29 of the ejector 22-24 disposed in the fuel outlet mani-
fold 15, and having the outlet of the ejector 22 direct the fuel
into the fuel inlet manifold 14 eliminates weight, expense and
complexity of plumbing which has heretofore been required.

The ejectors 22 may be machined in metal or a suitable
plastic; or they may be fashioned of a suitable material in
some other fashion.

Another embodiment employs a flat plate, perforated clear
through in a pattern to form an ejector 59, illustrated in FIGS.
3 and 4. In FIG. 3, a fuel inlet passage 60 receives fuel from
a fuel inlet conduit 61 (FIG. 4) and terminates in the ejector
nozzle 62. There are two recycle ports 64, 65 which, as
described hereinafter with respect to FIG. 4, are in fluid
communication with the fuel exit manifold 66. The ports 64,
65 are connected by conduits 70, 71 to the proximal end of a
mixing tube 73, right at the nozzle 62. The high pressure fuel
passing through the nozzle 62 into the mixing tube 73 draws
recycle fuel from the ports 64, 65, causing the anode exhaust
fuel to be mixed with the fresh (neat) inlet fuel provided in the
fuel inlet passage 60. The fuel passes along the mixing tube 73
and enters into a diffuser portion 76, eventually reaching a
point 78 which is aligned with a hole 79 (described hereinaf-
ter with respect to FIG. 4) which allows the fuel to flow
directly into the fuel inlet manifold 80.
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Referring to FIG. 4, three ejectors 59 are formed as cuts,
clear through an ejector plate 81. The backside of the ejector
plate 81 is sealed off by a plate 83, and the front of the ejector
plate 81 is sealed off by a plate 85. The holes 79 allow the mix
of fresh fuel and recycle fuel to pass directly to fuel inlet
manifold 80, which is a chamber in a fuel inlet/outlet mani-
fold structure 92. O-rings 93 assure a fluid seal with holes 94
in the fuel inlet/outlet manifold structure 92. Similarly, holes
95 with O-rings 96 align with holes 99 through the fuel
inlet/outlet manifold structure 92 so that the fuel exit mani-
fold 66 is in fluid communication with the recycle ports 64, 65
in the ejectors 59. A plurality of bolts 103 pass through holes
104, 105 in the plates 80, 85 so as to draw the plates 80, 83, 85
tightly to, and in gas sealed relationship, with the fuel inlet/
outlet manifold structure 92.

Fresh fuel is provided by suitable plumbing through a
fixture 107, through the fuel inlet conduit 66 and into the
ejectors 59. When the fuel reaches the point 78 in the ejectors,
it will pass through the holes 79 and co-aligned holes 94 into
the fuel inlet manifold 80.

Although the prior examples include only three ejectors
each, which will accommodate smaller fuel cell power plants
of, for instance, about 30 or 40 fuel cells, either embodiment
could contain a higher number of ejectors, such as 8 or 10, for
larger fuel cell power plants.

The two previous embodiments comprise external fuel
inlet/outlet manifolds. Another embodiment will take integral
ejectors 22, of the type illustrated in FIGS. 1 and 2, and simply
place them at various positions along internal inlet/outlet
manifolds. Such ejectors may be inserted into holes made
therefor in that part of the inlet/outlet configuration which
provides the barrier 17. Other embodiments may be fashioned
within the teachings herein.

If found desirable in any implementation, inlet fuel distri-
bution devices, such as those shown in patent publications US
2005/0129999 and US 2006/0280995, may be placed
upstream of the ejectors, to assure feeding fuel to the ejectors
equally, and simultaneously on startup.

The invention claimed is:

1. An ejector device for a fuel cell stack, the ejector device

comprising:

a flat ejector plate having opposing surfaces and being
perforated clear through the flat ejector plate from one of
the opposing surfaces to the other in a direction perpen-
dicular to the opposing surfaces and in a pattern to form
at least one ejector, the at least one ejector including a
nozzle, an ejector gas motive inlet in fluid communica-
tion with the nozzle, a mixing portion, an expansion
area, at least one gas suction inlet and at least one conduit
extending from the at least one gas suction inlet toward
the mixing portion, and wherein the ejector is configured
to draw gas from the at least one gas suction inlet via the
at least one conduit into the mixing portion to be led
toward the expansion area.

2. A fuel cell assembly comprising the ejector device of

claim 1 and further comprising:

a first plate completely closing off a first side of the perfo-
rations forming said ejector of the flat ejector plate of the
ejector device; and

a second plate closing off a second side of the perforations
forming said ejector of the flat ejector plate of the ejector
device except for perforations in said second plate pro-
viding passageways for fluid communication with said
ejector gas motive inlet, said recycle at least one gas
suction inlet port and a downstream end of said expan-
sion area.
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3. A fuel cell assembly comprising the ejector device of
claim 2 and further comprising:

a fuel inlet/outlet manifold having a fuel inlet chamber and

a fuel outlet chamber, said inlet/outlet manifold having
perforations providing fluid communication from the
downstream end of said expansion area to said fuel inlet
chamber and having perforations providing fluid com-
munication between said at least one gas suction inlet
and the fuel outlet chamber of said fuel inlet/outlet mani-
fold.

4. The ejector device of claim 1 wherein the flat ejector
plate is perforated clear through the flat ejector plate from one
of the opposing surfaces to the other in a pattern to form a
linear array of ejectors.

5. The ejector device of claim 1 wherein the at least one
ejector is symmetric about a plane of symmetry and includes
two gas suction inlets, each gas suction inlet being located on
a respective side of the plane of symmetry.

6. The ejector device of claim 1 wherein the at least one
ejector includes an ejector outlet portion at a downstream end
of'the expansion area, the ejector outlet portion being located
ata second end of the flat ejector plate that is opposite to a first
end of the flat ejector plate where the ejector gas motive inlet
is located.

7. The ejector device of claim 1 wherein the ejector
includes at least two gas suction inlets and each gas suction
inlet is in fluid communication with the mixing portion by a
respective conduit.

8. An ejector device for a fuel cell stack, the ejector device
comprising:

an ejector plate having opposing surfaces and at least one

ejector aperture that passes completely through the ejec-

tor plate from one of the opposing surfaces to the other

and in a direction perpendicular to the opposing sur-

faces, the ejector aperture including:

an inlet portion located at a first end of the ejector plate;

a nozzle downstream of the inlet portion;

a mixing portion downstream of the nozzle;

a diffusion portion downstream of the mixing portion;

an ejector outlet portion downstream of the diffusion
portion, the ejector outlet portion located at a second
end of the ejector plate that is opposite to the first end
of the ejector plate;

at least one gas recycle port; and

at least one conduit extending from the at least one gas
recycle port toward the mixing portion, and

wherein the ejector is configured to draw gas from the at
least one gas recycle port via the at least one conduit
into the mixing portion to be led toward the ejector
outlet portion.

9. The ejector device of claim 8 wherein the ejector outlet
portion is wider than the diffusion portion, the mixing por-
tion, the nozzle, and the inlet portion.

10. The ejector device of claim 8 wherein the ejector aper-
ture includes at least two gas recycle ports and each gas
recycle port is in fluid communication with the mixing por-
tion by a respective conduit.

11. The ejector device of claim 10 wherein the at least two
gas recycle ports are located on opposing sides of the nozzle
portion.

12. A fuel cell assembly comprising:

an arrangement of fuel cells; and

an ejector plate having opposing surfaces and at least one

ejector aperture that passes completely through the ejec-
tor plate from one of the opposing surfaces to the other
and in a direction perpendicular to the opposing sur-
faces, the ejector aperture being configured to draw gas
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from at least one gas recycle port into a mixing portion
downstream of a nozzle to be led to an expansion area of
the ejector aperture for input into the arrangement of fuel
cells.

13. The fuel cell assembly of claim 12, further comprising: 5

a first plate completely closing off a first side of the ejector

aperture of the ejector plate; and
a second plate closing off a second side of the ejector
aperture of the ejector plate apart from areas correspond-
ing to apertures in the second plate that provide passage- 10
ways for fluid communication with a gas inlet portion of
the ejector aperture, the at least one gas recycle port and
a downstream end of the expansion area.

14. The fuel cell assembly of claim 13, further comprising:

afuel inlet/outlet manifold having a fuel inlet chamberand 15
a fuel outlet chamber, and including at least one aperture
that provides fluid communication between the down-
stream end of the expansion area and the fuel inlet cham-
ber and at least one aperture that provides fluid commu-
nication between the at least one gas recycle port and the 20
fuel outlet chamber.

15. The fuel cell assembly of claim 13 wherein the ejector
plate includes a linear array of ejector apertures, each ejector
aperture passing completely through the ejector plate from
one of the opposing surfaces to the other and being configured 25
to draw gas from at least one respective gas recycle port into
a respective mixing portion downstream of a respective
nozzle to be led to a respective expansion area of the ejector
aperture for input into the arrangement of fuel cells.

#* #* #* #* #* 30
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